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WRVLPXODWHDVQDSVKRWRI IXWXUH EHDFKFKDQJH GXULQJVWRUPV6HIWRQ&RDVWUHSUHVHQWVRQHϯϭ
RIWKHODUJHVWGXQHV\VWHPV LQWKH8.ZKHUHIURQWDOGXQHVIXQFWLRQDVDQDWXUDOEDUULHUDJDLQVWϯϮ
H[WUHPHFRQGLWLRQV)XWXUHVWRUPFRQGLWLRQVZHUHGHWHUPLQHGIURPJOREDOSUHGLFWLRQVRIIXWXUHϯϯ
ZDYHVDW WKHHQGRI WKH WZHQW\ ILUVW FHQWXU\)XWXUHVHD OHYHOVZHUHGHWHUPLQHGEDVHGRQϯϰ
FOLPDWH FKDQJH DOORZDQFHV VHW E\ WKH 8. (QYLURQPHQW $JHQF\ ($ ZKLOH IXWXUH VXUJHϯϱ
FRQGLWLRQVZHUHGHWHUPLQHGEDVHGRQWKHJXLGHOLQHVDOVRSURYLGHGE\($ϯϲ
$QHVWHGQXPHULFDOPRGHOOLQJDSSURDFKWKDWFRPELQHGDUHJLRQDOVFDOHPRGHOZLWKD ORFDOϯϳ















7KHUH LV LQFUHDVLQJ FRQFHUQ DPRQJ FRDVWDO SODQQHUVPDQDJHUV DQG FRDVWDO FRPPXQLWLHVϱϯ












LQ WKH VSDWLDO UDQJH RI2 NP DQG VWURQJO\ GHSHQGV RQ WKH RFHDQ FLUFXODWLRQ V\VWHPϲϲ
&KXUFKHWDO7KHSURMHFWLRQRIZDYHFOLPDWHVKRZV UHJLRQDOGLIIHUHQFHVLQWKHUDQJHϲϳ
RI 2NPHJ+HPHUHWDO7KHFXUUHQWH[SHFWHGIXWXUHFKDQJHVLQJOREDOPHDQϲϴ
ZDYHKHLJKWVDQGZDYHGLUHFWLRQV UDQJHV LQDQGGHJ UHVSHFWLYHO\6XFKZDYHϲϵ




DO  6KLPXUD HW DO  7KH JHRPRUSKRORJ\ RI FRDVWOLQHV LV DOVR FULWLFDO LQ EHDFKϳϰ
UHVSRQVHWRIXWXUHYDULDELOLWLHVRIWKHVHK\GURG\QDPLFIRUFLQJϳϱ
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RI FKDQJHV DUH LPSRUWDQW H[WUHPH HSLVRGLF HYHQWV WHQG WR LPSRVH JUHDWHU VRPHWLPHVϴϭ
FDWDVWURSKLF GDPDJHVRQFRDVWOLQHV DQGFRDVWDOGHIHQFHV)RUH[DPSOHWKHJUHDWIORRGRIϴϮ
 IRUFHG  SHRSOH RXW RI WKHLU KRPHV DQG OHG WR WKH GHDWKV RI RYHU  SHRSOHϴϯ
DORQJVLGHVLJQLILFDQWILQDQFLDOFRVWV/RZHHWDO 7KLVKLJKOLJKWV WKHQHHGWRXWLOLVHWKHϴϰ


















UHJLPHDQGIURQWDOGXQHV\VWHPV$SURFHVVEDVHG QXPHULFDO PRGHOOLQJDSSURDFK LVXVHGϭϬϯ
µ&XUUHQW¶DQGµIXWXUH¶H[WUHPHFRQGLWLRQVZHUHGHWHUPLQHGIURPJOREDOFOLPDWHZDYHPRGHOVϭϬϰ
8VLQJDQHVWHGPRGHOOLQJDSSURDFKFRPELQLQJWKHVWDWHRIWKHDUW'HOIW'/HVVHUHWDO ϭϬϱ
%RRML HW DO  DQG ;%HDFK 5RHOYLQN HW DO  PRGHOV FXUUHQW DQG IXWXUHϭϬϲ
ϱPRUSKRG\QDPLF FKDQJH RI WKLV EHDFK IURPD UDQJHRI VWDWLVWLFDOO\ VLJQLILFDQW µFXUUHQW¶ DQGϭϬϳ
µIXWXUH¶H[WUHPHFRQGLWLRQVDUHPRGHOOHGϭϬϴ
7KLVSDSHULVVWUXFWXUHGDVIROORZV6HFWLRQVDQGGHVFULEHWKHFDVHVWXG\DUHD DQGWKHϭϬϵ





DQG HVWXDULQH UHJLPHV LQIOXHQFHG E\ SURFHVVHV ERWK LQ WKH HDVWHUQ ,ULVK 6HD DQG LQ WKHϭϭϱ
DGMDFHQW HVWXDULHV 3\H  7KH FRDVWOLQH FRQWDLQV D GLYHUVH UDQJH RI HQYLURQPHQWVϭϭϲ









DO 6LJQLILFDQWZDYHKHLJKW LQ/LYHUSRRO%D\GXULQJVWRUPVLVIRXQGWREHDURXQG PϭϮϲ
%URZQHWDO 7KHPHDQDQQXDOVLJQLILFDQWZDYHKHLJKWLVP (VWHYHVHWDO ϭϮϳ
3RVLWLYHVXUJHVRIDURXQGPIUHTXHQWO\RFFXUDW/LYHUSRRO%D\EXW DQH[WUHPHVWRUPVXUJHϭϮϴ












%D\LWZDV IRXQGWKDWH[WUHPHVWRUPFRQGLWLRQV PD\ EHFRPHPRUH IUHTXHQW DQGLQWHQVH LQϭϰϭ
IXWXUHKRZHYHUPRUHW\SLFDO VWRUPVFRQGLWLRQVPD\EHFRPH OHVVIUHTXHQW%URZQHWDO ϭϰϮ
$VDUHVXOW FRDVWDOHURVLRQ ZLOOEHOHVVIUHTXHQWEXWLWZLOOEHPRUHH[WUHPHZKHQLWGRHVRFFXUϭϰϯ
,Q WKHPHDQWLPH IXWXUHPHDQVHD OHYHOZLOO EHKLJKHU WKXV FRQWULEXWLQJ WR LQFUHDVHGGXQHϭϰϰ
















6WDWLVWLFDOO\ VLJQLILFDQW ZDWHU OHYHO ERXQGDU\ FRQGLWLRQV GXULQJ VWRUPV IRU WKH PRGHO DUHϭϲϭ
REWDLQHGEDVHGRQ 0F0LOODQHWDO 8VLQJGDWDVXSSOLHGE\WKH1DWLRQDO7LGHDQG6HDϭϲϮ
/HYHO)DFLOLW\ RIWKH8. 176/) WKH\SHUIRUPHGDVWDWLVWLFDODQDO\VLVWRGHWHUPLQHSHDNZDWHUϭϲϯ
OHYHOVDQGVWRUPZDWHUOHYHOSURILOHVXVLQJWKH6NHZ6XUJH-RLQW3UREDELOLW\ 0HWKRG66-30ϭϲϰ
IRURI WKH8.QDWLRQDOQHWZRUN FODVV$ WLGHJDXJHVLWHV IURPDURXQG WKH FRDVWOLQHVRIϭϲϱ
(QJODQG6FRWODQGDQG:DOHVWRJHWKHUZLWKHTXLYDOHQWGDWDIURPRWKHU SULPDU\VLWHV 7KHϭϲϲ





RIUHWXUQSHULRGVDVVLVWHGZLWK WKHXVHRIDFRQWLQHQWDOVKHOI WLGHVXUJH PRGHO$VHULHVRIϭϳϮ
FRUUHFWLRQVKDVEHHQDSSOLHGWRREWDLQWKHGHVLJQVHDYDOXHV 0RGHOUHVXOWVIRU H[WUHPHVHDϭϳϯ
OHYHO YDOXHV DW WKH SULPDU\ JDXJH VLWHV KDYH ILUVW EHHQ FRUUHFWHG WR FRUUHVSRQG ZLWK WKHϭϳϰ
VWDWLVWLFDODQDO\VLVGDWD7KHPRGHOSURYLGHGUHWXUQSHULRGH[WUHPHVHDOHYHOV DWLQWHUPHGLDWHϭϳϱ

















RYHU WLPH 7KHVH VNHZ VXUJHEDVHG GHVLJQ VXUJH SURILOHV KDYH EHHQ GHWHUPLQHG E\ ILUVWϭϵϯ
H[WUDFWLQJWKHODUJHVWVXUJH HYHQWV UHFRUGHGDWHDFKRIWKH&ODVV$7LGH*DXJHVLWHV LQϭϵϰ
WKH8. RYHUDSHULRGRI\HDUVEHWZHHQDQG  7RFUHDWHGHVLJQVXUJHSURILOHVϭϵϱ
VHYHUDO PHWKRGV KDYH EHHQ DVVHVVHG WR SURYLGH D SUHFDXWLRQDU\ EXW QRW FRQVHUYDWLYHϭϵϲ
DVVHVVPHQWRIIORRGULVN)URPWKLVWKHWLPHLQWHJUDWHGVXUJHPHWKRGLVDGRSWHGWRJHQHUDWHϭϵϳ
WKHVXUJHSURILOHV ,QWKLVPHWKRGILUVWWKHWLPHYDU\LQJVXUJHZDVSORWWHG IRUHDFKRIWKHϭϵϴ




KDYHEHHQ FDOFXODWHG7KHPD[LPXPGXUDWLRQ DWHDFK OHYHO KDV WKHQEHHQ FDOFXODWHGDQGϮϬϯ








WLGDO HOHYDWLRQ )ROORZLQJ WKH PHWKRG VXJJHVWHG E\ 0F0LOODQ HW DO  WKH EDVHϮϭϮ
ϵDVWURQRPLFDOFXUYHZDVJHQHUDWHGWKURXJKSUHGLFWLRQRIDSHDNZDWHUOHYHOKDOIZD\EHWZHHQϮϭϯ
0HDQ+LJK:DWHU6SULQJ WLGH 0+:6DQG+LJKHVW $VWURQRPLFDO7LGH +$7 LQ WKLV FDVHϮϭϰ
P 2UGQDQFH'DWXP2'XVLQJWKHWLGDOFRQVWLWXHQWDQDO\VLVϮϭϱ
Ϯϭϲ
,Q RUGHU WR JHQHUDWH WKH ILQDO ZDWHU OHYHO SURILOH ZLWK GLIIHUHQW UHWXUQ SHULRGV WKH EDVHϮϭϳ
DVWURQRPLFDOFXUYH ZDVXSVFDOHG XVLQJ WKHGHVLUHGSHDNZDWHU OHYHODQGWKHGHVLJQVXUJHϮϭϴ
SURILOH7KHVHHYHQWVGRQRWLQFOXGHDVXUJHYDOXHVXFKDVWKHPD[LPXPUHFRUGHGPDVϮϭϵ
WKHKLJKHVWVXUJHVGRQRWFRLQFLGHZLWKKLJKWLGDOOHYHOVGXHWRWKHORFDOHIIHFWRIWLGHVXUJHϮϮϬ
LQWHUDFWLRQ %URZQHW DO 7KH UHVXOWVDUH VXPPDULVHG LQ)LJXUH ,Q WKLV FDVH LW LVϮϮϭ












DUH LQIRUPHG E\ WKH ODWHVW FOLPDWH FKDQJH SURMHFWLRQV IURP GLIIHUHQW JOREDO PRGHOV DQGϮϯϰ
VFHQDULRVRIHPLVVLRQVWRWKHDWPRVSKHUH DQG SURYLGH GLIIHUHQWYDOXHVIRUGLIIHUHQWHSRFKVϮϯϱ
5HWXUQ3HULRG
\HDUV
          
3HDN6HD/HYHO
P2'









7R JHQHUDWH VWRUP ZDYH FRQGLWLRQV LQ ERWK SUHVHQW DQG IXWXUH FOLPDWHV WKH JOREDO ZDYHϮϰϯ
SURMHFWLRQV RI6KLPXUDHW DO  DUH XVHG 7KH G\QDPLFZDYH SURMHFWLRQV KDYHEHHQϮϰϰ
FDUULHGRXW XVLQJWKH:$9(:$7&+,,,YZDYHPRGHO7ROPDQ IRUFHG 6HD6XUIDFHϮϰϱ
7HPSHUDWXUH 667 XVLQJ KLJKUHVROXWLRQ $WPRVSKHULF *OREDO &OLPDWH 0RGHO $*&0Ϯϰϲ
SURMHFWLRQVXQGHUWKH,QWHUJRYHUQPHQWDO3DQHOIRU&OLPDWH&KDQJH,3&& $%VFHQDULR7KHϮϰϳ
NPUHVROXWLRQ$*&0XVHGZDVWKH05,$*&0+ 0L]XWDHWDO GHYHORSHGE\WKHϮϰϴ
-DSDQHVH0HWHRURORJLFDO5HVHDUFK,QVWLWXWHDQG XVHG IRU,3&&$5,3&& 7KHPRGHOϮϰϵ
KDVEHHQ IRUFHGE\ IRXUW\SLFDO 6HD6XUIDFH7HPSHUDWXUH667FRQGLWLRQVIURPWKH&RXSOHGϮϱϬ
0RGHO,QWHUFRPSDULVRQ3URMHFW&0,3 &RYH\HWDO7KHJOREDOGRPDLQIRUZDYHϮϱϭ
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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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6RXWK:HVW 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1RUWKZHVWQRUWK
HDVW
 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 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 
ϭϭ
VSDWLDOJULGV:DYHSURMHFWLRQVKDYHEHHQGRQHIRUWZRWLPHVOLFHVµ&XUUHQW¶ ZDYHSURMHFWLRQVϮϱϯ






)LJXUH  :DYHERXQGDU\ORFDWLRQV EOXHGRWV6KLPXUDHWDOZLWKREVHUYHGZDYHϮϲϬ
UHFRUGVXVHGIRUELDVFRUUHFWLRQUHGGRWVϮϲϭ
ϮϲϮ
3URMHFWHG ZDYHRXWSXWVIURPWKHPRGHOQRGHV ZHUHH[WUDFWHG DQGILOWHUHGIRUVWRUPFRQGLWLRQVϮϲϯ
XVLQJWKHVWRUPHYHQWGHILQLWLRQRI'LVVDQD\DNHHWDO DQGXVLQJDVWRUPZDYHKHLJKWϮϲϰ
WKUHVKROG RI P EDVHG RQ WKH 8. &KDQQHO &RDVWDO 2EVHUYDWRU\ &&2 JXLGDQFHϮϲϱ
ZZZFKDQQHOFRDVWRUJUHSRUWV 7KH GHWDLOV RI VWRUP GHILQLWLRQ DQG WKH PHWKRG XVHG WRϮϲϲ
LVRODWHVWRUPHYHQWVDUHJLYHQLQ%HQQHWWHWDO 3URMHFWHGVWRUPGDWDZHUHWKHQ ELDVϮϲϳ
FRUUHFWHG XVLQJPHDVXUHGVWRUPV H[WUDFWHGIURPWKH:HVW+HEULGHVDQG3HPEURNH:DYH1HWϮϲϴ







GHILQLWLRQ GHVFULEHG DERYHZHUH WKHQ LGHQWLILHG 7KHQ WKH*HQHUDOLVHG3DUHWR'LVWULEXWLRQϮϳϲ
*3'ZDVILWWHGWRWKHSHDNVWRUPZDYHKHLJKWV7KH*3'LV JLYHQLQ(TXDWLRQ ZKLFKLVϮϳϳ
WKHFRPELQDWLRQ RIWKUHHVWDWLVWLFDOIDPLOLHVDQG WKHPHWKRGRI+DZNHVHWDO ZDVXVHGϮϳϴ
,Q(TXDWLRQכ DQGȟ DUH VFDOHDQGVKDSHSDUDPHWHUVUHVSHFWLYHO\&ROHVDQGXLVWKHϮϳϵ
ϭϮ
WKUHVKROGWKDWHQVXUHV PRGHOFRQYHUJHQFH7KH 5VWDWLVWLFDOVRIWZDUHSDFNDJHLVPHY &ROHVϮϴϬ
ZDVXWLOLVHGWRILW*3'WRGDWD5&RUH7HDP Ϯϴϭ
ϮϴϮ
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Ϯϴϰ
Ϯϴϱ
7KHVLJQLILFDQWZDYHKHLJKWXQGHU µSUHVHQW¶FOLPDWHܪ௦ǡ௣ IRU VWRUPFRQGLWLRQVFRUUHVSRQGLQJϮϴϲ
WR LQ    DQG\HDUUHWXUQSHULRGVZHUHGHULYHG IURPWKH*3'WKH UHWXUQOHYHOϮϴϳ
SORWVDUHVKRZQ LQ)LJXUH7KLVUDQJHRI UHWXUQSHULRGVZDVFKRVHQDV WKH\ UHSUHVHQW DϮϴϴ
YDULHW\RIVWRUPHYHQWVZKLFKZLOOLQGXFHLPSDFWVEHWZHHQPHGLXP DQGKLJKULVN DQGXVHIXOϮϴϵ
IRUFRDVWDODQGIORRGGHIHQFHGHVLJQ7KHPD[LPXPVWRUPZDYHSHULRG ௠ܶ௔௫ZDVGHWHUPLQHGϮϵϬ
IURPWKHDYHUDJHRI WKH ௠ܶ௔௫ YDOXHVIRU LQGLYLGXDOVWRUPVH[WUDFWHGIURPWKHSURMHFWHG GDWDϮϵϭ
'XHWRWKHVPDOOYDULDWLRQLQZDYHDSSURDFKGLUHFWLRQGXULQJ VWRUPV HYHQWVWKH SUHGRPLQDQWϮϵϮ




/RFDWLRQ ܪ௦ǡ௣ǡଵ ܪ௦ǡ௣ǡହ ܪ௦ǡ௣ǡଶ଴ ܪ௦ǡ௣ǡହ଴ ܪ௦ǡ௣ǡଵ଴଴ ௠ܶ௔௫ ܹ݀௔௩௚
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:HVW+HEULGHV 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7DEOH  6XPPDU\RI µSUHVHQW¶VWDWLVWLFDOO\VLJQLILFDQW VWRUP ERXQGDU\FRQGLWLRQVDWϮϵϳ
3HPEURNHDQG:HVW+HEULGHV +VSQQ  UHIHUVWRµSUHVHQW¶SHDNVLJQLILFDQWϮϵϴ




)LJXUH  *3'SURILOHVIRUSUHVHQWFOLPDWHQRUWKOHIWDQGVRXWKULJKWVWRUP ERXQGDU\ϯϬϮ





WKH ,3&&  $% VFHQDULR ZHUH XVHG 7KHܪ௦ǡ௣ YDOXHV XQGHU IXWXUH VWRUP FRQGLWLRQVϯϬϴ
FRUUHVSRQGLQJZLWKLQDQG\HDUUHWXUQSHULRGVDUHJLYHQLQ7DEOH6LPLODUϯϬϵ
WR WKH µFXUUHQW¶ FRQGLWLRQ WKH VWRUPZDYH SHULRGZDV GHWHUPLQHG IURP WKH DYHUDJH RI WKHϯϭϬ












FRDUVH UHVROXWLRQ RI WKH PRGHO RXWSXWV DQG WKH FRPSOH[ UHJLRQDO EHKDYLRXU 7KH VWRUPϯϮϯ
GXUDWLRQZDVDOVRLQYHVWLJDWHGYLDWKHVDPHDSSURDFK 7KHUHWXUQOHYHOSORWIRUWKHµSUHVHQW¶ϯϮϰ
VWRUPZLQG YHORFLW\ LV VKRZQLQ)LJXUHDQGWKHZLQGDQGGXUDWLRQFRQGLWLRQVDUHVXPPDULVHGϯϮϱ
LQ7DEOHϯϮϲ
/RFDWLRQ ܪ௦ǡ௣ǡଵ ܪ௦ǡ௣ǡହ ܪ௦ǡ௣ǡଶ଴ ܪ௦ǡ௣ǡହ଴ ܪ௦ǡ௣ǡଵ଴଴ ௠ܶ௔௫ ܹ݀௔௩௚
3HPEURNH   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     
ϭϰ
ϯϮϳ
5HWXUQ3HULRG\HDUV ͳ ͷ ʹͲ ͷͲ ͳͲͲ 3UHGRPLQDQWGLUHFWLRQ
 ଵ଴ሺିଵሻ     
	 ଵ଴ሺିଵሻ     













VWRUPZDYHDQGZLQGFRQGLWLRQVGHYHORSHGDERYH )LJXUH,WZDVIRXQGWKDW D WKUHHSRLQWϯϰϬ
VSOLQHFXUYHSURYLGHGDJRRGUHSUHVHQWDWLRQRIDVWRUPSURILOH ZKHQFRPSDUHGZLWKREVHUYHGϯϰϭ




































BB     
BB     
BB     
BB     
BB     
)XWXUH6WRUP
(YHQWV
BB     
ϭϲ
ϯϲϯ





7R LQYHVWLJDWH PRUSKRORJLFDO FKDQJHV LQGXFHG E\ H[WUHPH HYHQWV LW ZDV QHFHVVDU\ WRϯϲϵ
FRPELQHVHYHUDOQXPHULFDOPRGHOVDQGGRPDLQV7ZRGLIIHUHQWPRGHOVZHUHFRPELQHGDQGϯϳϬ
WKUHH PRGHO GRPDLQV ZHUHQHVWHGLQDVHWXSWRRSWLPLVHFRPSXWDWLRQDOWLPHDQGWRDFFXUDWHO\ϯϳϭ
UHSUHVHQWWKH6HIWRQ&RDVW DQGGXQHV\VWHP 7UDQVIRUPDWLRQRI VWRUPZDYHVIURPWKH*&0ϯϳϮ
ERXQGDU\SRLQWORFDWLRQVGHVFULEHGLQ6HFWLRQ ZDVFDUULHGRXWXVLQJWKH'HOIW' /HVVHUHWϯϳϯ
DO :$9( PRGXOH7KLVPRGHOSURYLGHG ZDYHDQGZDWHU OHYHO ERXQGDU\IRUFLQJIRUDϯϳϰ







&HOWLF 6HD ZDV FUHDWHG 7KH EDWK\PHWU\ IRU WKLV GRPDLQ ZDV WDNHQ IURP WKH *(%&2ϯϴϮ
GDWDVHW %HFNHUHWDO  7KHPRGHO LV IRUFHGE\QRQVWDWLRQDU\KRXUO\ZLQGDQGVWRUPϯϴϯ
ZDYHLQIRUPDWLRQ7KLV ODUJHFRPSXWDWLRQDOGRPDLQDOORZVWKHSURSDJDWLRQRIERWKVZHOODQGϯϴϰ
ZLQGZDYHVLQWRWKHDUHDRILQWHUHVWKRXUVRIPRGHOVSLQXS WLPH ZDVDOORZHG IRUVWDELOLW\ϯϴϱ
DQGDFFXUDWHUHVXOWVDQGWRSURYLGHVSLQXSWLPHIRUWKHQHVWHGPRGHOV:DYHGDWDVLJQLILFDQWϯϴϲ
BB     
BB     
ϭϳ




)LJXUH  0RGHOGRPDLQV 'RPDLQ $OHIWFRYHUVWKH DUHDEHWZHHQWKHWZRVWRUPERXQGDU\ϯϵϭ
SRLQWVXVHGLQWKLVVWXG\ 0RGHOEDWK\PHWU\IRUGRPDLQ$ZDVJHQHUDWHGIURPWKH*(%&2ϯϵϮ
GDWDVHW %HFNHU HW DO  1XPEHUV    DQG KLJKOLJKW WKH ,ULVK6HD6W*HRUJH¶Vϯϵϯ
&KDQQHO %ULVWRO &KDQQHO DQG &HOWLF 6HD UHVSHFWLYHO\ ZLWK WKH 6HIWRQ FRDVWOLQH ORFDWLRQϯϵϰ
KLJKOLJKWHGLQ EODFN 0RGHOGRPDLQ%ULJKW RI WKHFRXSOHG'HOIW':$9(DQG)/2:GRPDLQϯϵϱ
FRYHULQJ WKH6HIWRQFRDVWOLQHDQGH[WHQGLQJRXW LQ WR/LYHUSRRO%D\0RGHOEDWK\PHWU\ IRUϯϵϲ
GRPDLQ % JHQHUDWHG XVLQJ 32/&206 EDWK\PHWU\ GDWD %URZQ  'RPDLQ & RI WKHϯϵϳ




:DYHEXR\&()$60RGHOOHGLQ   DQG\HDUUHWXUQSHULRGSHDNVWRUPZDYHϰϬϮ













RI WKH6HIWRQFRDVWOLQH ZDVFUHDWHGXVLQJWKH5*)*5,'IDFLOLW\ LQ'HOIW''RPDLQ%KDVϰϭϱ
FRDUVHUUHVROXWLRQJULGFHOOVP[PLQFURVVVKRUH	 DORQJVKRUH GLUHFWLRQVDORQJWKHϰϭϲ
RIIVKRUHERXQGDU\DQGKLJKHU UHVROXWLRQV FHOOVFORVHU WR WKHVKRUHOLQH P[P7KHϰϭϳ
EDWK\PHWU\RIWKLVPRGHOLVHVWDEOLVKHGXVLQJPUHVROXWLRQ32/&206PRGHOEDWK\PHWU\ϰϭϴ







ERXQGDU\FRQGLWLRQDW WKHVRXWKHUQRIIVKRUHSRLQW RI WKHPRGHOGRPDLQ% LVFUHDWHGXVLQJϰϮϲ
0F0LOODQHWDODV DIRUHPHQWLRQHG LQ6HFWLRQ 7KHQRUWKHUQZDWHUOHYHOSRLQWLVϰϮϳ
GHWHUPLQHG E\DSSO\LQJWKHSKDVHVKLIWEHWZHHQWKHVRXWKDQGQRUWKODWHUDOWLGDOERXQGDULHVϰϮϴ
'LVVDQD\DNH HW DO  7R FDOFXODWH WKLV SKDVH GLIIHUHQFH WLGDO HOHYDWLRQV IURP WKHϰϮϵ
32/&206PRGHO%ULFKHQRHWDO FRUUHVSRQGLQJ WR WKHQRUWKDQGVRXWKERXQGDU\SRLQWVϰϯϬ
RIGRPDLQ%ZHUHXVHG(DFKWLGDOVLJQDOZDVGHFRPSRVHGLQWRWLGDOFRQVWLWXHQWVXVLQJϰϯϭ
)DVW)RXULHU7UDQVIRUP))7 7KHQ DFRPSDULVRQRIWKHSUHGLFWHGWLGDOHOHYDWLRQV DWERWKWKHϰϯϮ
QRUWKDQGVRXWKSRLQWVSURYLGHVWKHIRUZDUGSKDVHVKLIWRIPLQVEHWZHHQWKHQRUWKDQGϰϯϯ
VRXWKERXQGDU\SRLQWV%RWK'HOIW':$9(DQG)/2:PRGHOVZHUHRQOLQHFRXSOHGWRLQFOXGHϰϯϰ




'RPDLQ & XVHV ;%HDFK FRDVWDO DUHD PRGHO 5RHOYLQN HW DO  WR GHWHUPLQHϰϯϵ
PRUSKRG\QDPLF FKDQJHDQGZDYHRYHUWRSSLQJDW6HIWRQ&RDVW:KLOVWLWLVDFNQRZOHGJHGWKDWϰϰϬ
VXEWLGDOG\QDPLFVDUHQRWZHOOFDSWXUHGE\;%HDFK PRGHOWKHIRFXVRIWKLVVWXG\LVRQGXQHϰϰϭ






P[P FORVHU WR WKHVKRUHOLQH7KHEDWK\PHWU\GDWDVHWVXWLOLVHGDUH WKHVDPHDVWKRVHϰϰϳ
XVHGIRU WKHGRPDLQ%)RUDOO WKUHHGRPDLQV WKHJULGVL]H DQG UHVROXWLRQZHUH FKRVHQ WRϰϰϴ
DFKLHYHDFFXUDWH UHVXOWV ZKLOHRSWLPLVLQJFRPSXWDWLRQDO WLPH6LPXODWLRQVZHUH UXQRQ WKHϰϰϵ





















)LJXUHV DQG  VKRZPRUSKRG\QDPLFFKDQJHDORQJWKH 6HIWRQ&RDVWIURPD YDULHW\RIϰϳϬ
VWRUPZDYHFRQGLWLRQV XQGHUWKHµSUHVHQW¶FOLPDWHFRQGLWLRQVGHVFULEHGLQ7DEOH)LJXUHVϰϳϭ
DQG KRZHYHU IRFXVRQWKHLPSDFWVRIFOLPDWHFKDQJH XQGHUWKHIXWXUHVWRUPVSURYLGHGϰϳϮ
LQ7DEOH)RFXVLQJRQWKHLQWHUWLGDODUHDDQGGXQHV\VWHPZKLFKLVWKHPRVWDFWLYHSDUWRIϰϳϯ
WKHEHDFKWKHLQLWLDOEHGOHYHOZLWKWKH PPDQGPGHSWKFRQWRXU OLQHVDQGWKHGXQHϰϳϰ




)LJXUH  &RPSDULVRQ RISUHVHQWVHDEHGFKDQJHDW6HIWRQ&RDVWDVDUHVXOWRIBBϰϳϵ
FHQWUH BBULJKWVWRUPVFRORXU EDULQPHWUHV ,QLWLDOEDWK\PHWU\ZLWKFRQWRXUVDQGϰϴϬ
GXQHFUHVW WKLFNEODFNOLQH OHIWGLVSOD\HGDVDUHIHUHQFHϰϴϭ
,Q )LJXUH  WKH EHG OHYHO FKDQJHV IURP WKH BB DQG BB VWRUP HYHQWV DUHϰϴϮ





GXQH IRRW 6PDOOVFDOH HURVLRQ FDQ EH VHHQ DW WKH NP VWUHWFK RI WKH FRDVWOLQH VRXWK RIϰϴϴ
)RUPE\3RLQW7KHUH LVDSDWWHUQRI IODWWHQLQJRI WKHEHDFK IDFH FORVHU WR WKHVRXWK ODWHUDOϰϴϵ









FHQWUH BBULJKWVWRUPVFRORXU EDULQPHWUHV ,QLWLDOEDWK\PHWU\ZLWKFRQWRXUV DQGϰϵϴ
GXQHFUHVW WKLFNEODFNOLQH OHIWGLVSOD\HGDVDUHIHUHQFHϰϵϵ










)LJXUH  &RPSDULVRQRIWKHVHDEHGFKDQJHIURPWKHµSUHVHQW¶ BBFHQWUH DQGϱϭϬ




FRDVWGXULQJWKHµSUHVHQW¶ DQGµIXWXUH¶ BBVWRUPHYHQWVDUHFRPSDUHG)LJXUH 7KHUHϱϭϱ
LVDFOHDUGLIIHUHQFHLQWKHSDWWHUQRI HURVLRQ LQWKHDUHDVQRUWKRI)RUPE\3RLQWDQGVRXWKRIϱϭϲ





DQGWKHDUHDVVRXWKRI +LJKWRZQ VKRZ VLJQLILFDQWEHDFKORZHULQJ !P LQ WKH VXSUDWLGDOϱϮϭ











DVDUHVXOWRIWKHH[WUHPHZDWHUOHYHORIP 2'17KH DGGLWLRQRIVHDOHYHOULVHRQWKH LQϱϯϯ
\HDU H[WUHPHZDWHU OHYHO OHDGV WR D ODUJHDPRXQWRIRYHUZDVKLQJDQG LQXQGDWLRQ QHDUϱϯϰ
+LJKWRZQ DQGGXQHHURVLRQDWDQGQRUWKRI)RUPE\3RLQW $ORQJVLGHWKLV WKHUHLVVLJQLILFDQWϱϯϱ
VHGLPHQWGHSRVLWLRQLQWKHORZHULQWHUWLGDODUHDVϱϯϲ
ϱϯϳ
)LJXUH  &RPSDULVRQVHDEHGFKDQJHIURPWKH µSUHVHQW¶ BBFHQWUH DQG µIXWXUH¶ BBϱϯϴ
ULJKWVWRUPVFRORXU EDULQPHWUHV ,QLWLDOEDWK\PHWU\ZLWKFRQWRXUV DQGGXQHFUHVW WKLFNϱϯϵ
EODFNOLQH OHIWGLVSOD\HGDVDUHIHUHQFHϱϰϬ
,Q)LJXUHSUHVHQWDQGIXWXUHVHDEHGFKDQJHIURPDORQJHUGXUDWLRQ EXWOHVVVHYHUHVWRUPϱϰϭ
BB DUH LQYHVWLJDWHG$OWKRXJKWKH VWRUP ZDYHFRQGLWLRQVDUHRIDPXFKORZHUPDJQLWXGHϱϰϮ
WKHORQJHUGXUDWLRQRIWKHVWRUPVHHPVWRLQGXFHVLJQLILFDQW PRUSKRG\QDPLFFKDQJHVDORQJϱϰϯ
WKHFRDVWOLQHQRUWKRI)RUPE\3RLQW 7KHPDJQLWXGHDQGSDWWHUQRIWKHFKDQJHVRFFXUUHGXQGHUϱϰϰ
WKH SUHVHQW BB VWRUP LV VLPLODU WR WKRVH RFFXUUHG GXULQJ WKH BB SUHVHQW VWRUPϱϰϱ
Ϯϯ
VKRZQLQ)LJXUH $VWKHIXWXUHLQ\HDUSHDNVWRUPZDWHUOHYHOH[FHHGVWKHSUHVHQWϱϰϲ
LQ\HDU ZDWHU OHYHORYHUZDVKLQJRIWKHGXQHV\VWHPQHDU+LJKWRZQ LVDOVRVHHQGXULQJWKHϱϰϳ
IXWXUHBBVWRUP :KLOHXQGHUWKHSUHVHQWFOLPDWHHURVLRQRIWKHGXQHWRHLVOLPLWHGWRWKHϱϰϴ
VHFWLRQQRUWKRI DQGLQFOXGLQJ )RUPE\SRLQWLQIXWXUHWKLVH[WHQGVDORQJDJUHDWHUVWUHWFKRIϱϰϵ
WKH FRDVWOLQH7KH IXWXUH BB VWRUPGLVSOD\V HURVLRQ WRZDUGV WKH QRUWKHUQ H[WHQW RI WKHϱϱϬ
GRPDLQDQGDORQJWKHVWUHWFKIXUWKHUVRXWKEHWZHHQ)RUPE\DQG+LJKWRZQϱϱϭ
)LJXUHV DQG VXPPDULVHVWKH GXQH YROXPHORVVIURPWKHFRPSOHWHVHWRIVWRUPFRQGLWLRQVϱϱϮ
XVHGLQWKLVVWXG\ XQGHUµSUHVHQW¶DQGµIXWXUH¶FOLPDWHFRQGLWLRQV 7KHORVVLQGXQHYROXPHLVϱϱϯ
GHILQHGDVWKHWRWDOYROXPHRIVHGLPHQWUHPRYHGIURPWKHGXQHIDFHEHWZHHQWKHPFRQWRXUϱϱϰ
DQGWKHGXQHFUHVWSHUPHWUHRIFRDVWOLQH ,QWKHVHWZRILJXUHVWKH ORVV LQGXQHYROXPHLVϱϱϱ
SORWWHGDJDLQVWWKHVWRUPSRZHULQGH[IRUHDFK VWRUP7KHVWRUPSRZHULQGH[ JLYHVWKHVHYHULW\ϱϱϲ
RID VWRUPEDVHGRQ VWRUPZDYHKHLJKWV DQGVWRUPGXUDWLRQ DQGFDOFXODWHG IROORZLQJ WKHϱϱϳ
SURFHGXUHRI'LVVDQD\DNHHWDO 8QGHUWKH µSUHVHQWFOLPDWH¶VWRUPV)LJXUHWKHϱϱϴ
GXQHYROXPHORVVVKRZVDVWURQJSRVLWLYHFRUUHODWLRQZLWKLQFUHDVLQJVWRUPSRZHU+RZHYHUϱϱϵ
WKH GLIIHUHQFH GXH WR WKH SHDN VWRUPZDWHU OHYHO LVPRUH DSSDUHQW ZLWK ODUJH GLIIHUHQFHVϱϲϬ
EHWZHHQWKHLQDQG\HDUYDOXHV'XULQJWKHµIXWXUHFOLPDWH¶VWRUPV )LJXUHWKHϱϲϭ
SRVLWLYH WUHQGZLWKVWRUPSRZHULVOHVVHYLGHQWZKHUH WKHZDWHUOHYHOSULPDULO\GHILQHV WKHORVVϱϲϮ
















VHFWLRQV RI WKH6HIWRQ&RDVW FRQVLGHUHG IRU FRDVWDOPDQDJHPHQW SXUSRVHV E\ WKH6HIWRQϱϳϴ
&RXQFLOZKHUHVLJQLILFDQWGXQHHURVLRQWDNHVSODFHDUHVHOHFWHG )LJXUHV  GLVSOD\SURILOHϱϳϵ
FKDQJHVDWWKHVHOHFWHGSURILOHVGXULQJ WKHVWRUPHYHQWVJLYHQ LQ7DEOHϱϴϬ
ϱϴϭ






3URILOH  3 LV ORFDWHG WR WKH VRXWK RI )RUPE\ 3RLQW DW WKH YXOQHUDEOH GXQH VHFWLRQϱϴϴ
LGHQWLILHGLQ)LJXUHVDQG ,WLVFKDUDFWHULVHGE\DORZHUGXQHFUHVWWKDQWKHPDMRULW\ϱϴϵ









)LJXUH± &RPSDULVRQ RISRVWVWRUPFURVVVKRUHSURILOHVIURP DVHOHFWLRQRIµSUHVHQW¶DQGϱϵϴ
µIXWXUH¶VWRUPVDW3ϱϵϵ
3ORFDWHGWRWKHVRXWKRI)RUPE\3RLQW )LJXUH LV FKDUDFWHULVHGE\DVWHHSGXQHIDFHϲϬϬ
DQGJHQWOH LQWHUWLGDOEHDFKVORSHLVH[SRVHGWRVRXWKZHVWHUO\VWRUPV 3VKRZV HURVLRQϲϬϭ
DQGVFDUSLQJRI WKHGXQHXQGHU WKH VHOHFWHG VWRUPFRQGLWLRQV )LJXUH7KH GXQH IDFHϲϬϮ
DERYH P 2'1 RI 3 XQGHUJRHV HURVLRQ ZLWK YDU\LQJ VHYHULW\ XQGHU GLIIHUHQW VWRUPϲϬϯ
FRQGLWLRQV,WLVFOHDUWKDWµIXWXUH¶VWRUPFRQGLWLRQVZLOOLQGXFHVLJQLILFDQWO\VHYHUHGXQHHURVLRQϲϬϰ
DW WKLV ORFDWLRQ 7KH ODUJHVW GXQH UHWUHDW RFFXUV IURP WKH IXWXUH BB VWRUP ZKHUHϲϬϱ






























LQGXFH GXQH HURVLRQ VLJQLILFDQWO\ ODUJHU WKDQ RI FXUUHQW VWRUPV ZKHUH WKH HURVLRQ GXULQJϲϯϱ
BBH[WHQGVXSWR P2'17KHHURGHGVHGLPHQWLVUHGLVWULEXWHGLQWKHLQWHUWLGDO]RQHϲϯϲ
EHWZHHQaPDQGaPRIIVKRUH $W3 WKHPD[LPXP UHWUHDW LV aP IRU WKH IXWXUHϲϯϳ
BB VWRUPZKLOHXQGHUSUHVHQWVWRUPFRQGLWLRQVWKHPD[LPXPUHWUHDWLVaP $VZLWKϲϯϴ










VKRZVQR VLJQLILFDQWPRUSKRORJLFDOUHVSRQVHWR WKHVHOHFWHGVWRUPV )LJXUH7KHGXQHϲϰϴ
IDFHDWWKLVORFDWLRQLVOHVVVWHHSFRPSDUHGWRWKH RWKHU SURILOHV :LWKDJHQWOH ORZHUIRUHVKRUHϲϰϵ
H[WHQGLQJLQWRWKHVXEWLGDOUHJLRQDQGZLWKLWVSDUWLDOO\VKHOWHUHGORFDWLRQWRWKH VRXWKZHVWHUO\ϲϱϬ
VWRUPV 3 LV OHVVVXVFHSWLEOHWRVWRUPHURVLRQ 7KHRQO\QRWLFHDEOHFKDQJHRFFXUUHGDVDϲϱϭ







UHVSRQVHRI WKH6HIWRQ&RDVW WR VWRUP FRQGLWLRQV7KLV LVPDLQO\ GXH WR WKH VKDSH RI WKHϲϱϵ
FRDVWOLQHDQGLWVRULHQWDWLRQZLWKUHVSHFWWRVWRUPDSSURDFK3\HDQG%ORWW+LVWRULFDOO\ϲϲϬ
(VWHYHVHWDOIRXQGWKDWWKHODUJHVWGXQHUHWUHDWRFFXUUHGGXULQJWKHVWRUPRIϲϲϭ
1RYHPEHU  ZLWK XS WR P GXQH UHWUHDW DQG IORRGLQJ RI SURSHUWLHV DQG GDPDJH WRϲϲϮ



















VWRUP ZDYH DWWDFN 7KLV KDV SUHYLRXVO\ EHHQ QRWHG DORQJ WKH 6HIWRQ &RDVWOLQH ZLWK WKHϲϴϭ
LGHQWLILFDWLRQ RIDFULWLFDOZDWHUOHYHOIRUGXQHHURVLRQ 3\HDQG%ORWW $ZDWHUOHYHORIϲϴϮ
P2'ZDVLGHQWLILHGDVWKHFULWLFDOYDOXHIRUVHYHUHGXQHHURVLRQZLWKP2'IRUGXQHWRHϲϴϯ




















DUHDVDURXQGDQGQRUWKRI)RUPE\3RLQWJLYLQJXVFRQILGHQFHWRXVH LW IRU LQYHVWLJDWLRQ RIϳϬϯ
PRUSKRG\QDPLFUHVSRQVHRIWKHEHDFKWRFOLPDWHFKDQJHLQGXFHGYDULDWLRQVRIIXWXUHH[WUHPHϳϬϰ
FRQGLWLRQV 7KH UHVXOWV FOHDUO\ VKRZ KRZ IXWXUH YDULDELOLWLHV RI NH\ FRDVWDO HQYLURQPHQWDOϳϬϱ















7KH DSSURDFK GHWDLOHG LQ WKLV VWXG\ SURYLGHV DQ XQGHUVWDQGLQJ RI WKH LPSDFWV RIϳϮϭ















8QLYHUVLW\ 8. 7KH (365& )ORRG0(025< (3. DQG WKH %ULWLVK &RXQFLO¶Vϳϯϲ
(QVHPEOH (VWLPDWLRQ RI )ORRG 5LVN LQ D &KDQJLQJ &OLPDWH ()UD&& SURMHFWV DUHϳϯϳ
DFNQRZOHGJHG IRU WKHLU VXSSRUW 7KH &HQWUH IRU (QYLURQPHQW )LVKHULHV DQG $TXDFXOWXUHϳϯϴ
6FLHQFH&()$6LVDFNQRZOHGJHGIRUSURYLGLQJ:DYH1HW ZDYHGDWD:%DFNQRZOHGJHVWKHϳϯϵ
VXSSRUW RI WKH 6XSHUFRPSXWLQJ :DOHV SURMHFW SDUWIXQGHG E\ WKH (XURSHDQ 5HJLRQDOϳϰϬ
'HYHORSPHQW)XQG(5')YLD:HOVK*RYHUQPHQWIRUSURYLGLQJKLJK SHUIRUPDQFHFRPSXWLQJϳϰϭ










































DORQJ WKH 6HIWRQ &RDVW 8. DQG WKH ,PSOLFDWLRQV IRU 5HVHDUFK,QIRUPHG &RDVWDOϳϴϮ
0DQDJHPHQW-RXUQDORI&RDVWDO5HVHDUFK±ϳϴϯ
(VWHYHV /6:LOOLDPV -- %URZQ -0  /RRNLQJ IRU HYLGHQFH RI FOLPDWH FKDQJHϳϴϰ
LPSDFWVLQWKHHDVWHUQ,ULVK6HD1DWXUDO+D]DUGVDQG(DUWK6\VWHP6FLHQFH±ϳϴϱ
ϳϴϲ
(VWHYHV /6 %URZQ -0:LOOLDPV -- /\PEHU\ *  4XDQWLI\LQJ WKUHVKROGV IRUϳϴϳ
VLJQLILFDQWGXQHHURVLRQDORQJWKH6HIWRQ&RDVW1RUWKZHVW(QJODQG*HRPRUSKRORJ\ϳϴϴ
±ϳϴϵ










FOLPDWH IURP D PXOWLPRGHO HQVHPEOH 1DWXUH &OLPDWH &KDQJH SϴϬϬ
GRLQFOLPDWHϴϬϭ
,3&&  &OLPDWHFKDQJH7KHSK\VLFDOVFLHQFHEDVLV&RQWULEXWLRQRI:RUNLQJ*URXSϴϬϮ
, WR WKH)RXUWK$VVHVVPHQW5HSRUWRI WKH ,QWHUJRYHUQPHQWDO3DQHORQ&OLPDWH&KDQJHϴϬϯ
$JHQGDϴϬϰ

























3\H. 3K\VLFDO DQGKXPDQ LQIOXHQFHVRQFRDVWDO GXQHGHYHORSPHQWEHWZHHQ WKHϴϮϵ
5LEEOH DQG 0HUVH\ HVWXDULHV QRUWKZHVW (QJODQG ,Q .) 1RUGVWURP 13 3VXW\ DQGϴϯϬ
5:*&DUWHUHGLWRUV&RDVWDO'XQHV)RUPDQG3URFHVVSDJHV±-RKQ:LOH\	ϴϯϭ
6RQV/WG&KLFKHVWHUϴϯϮ




3\H. %ORWW6- $VVHVVPHQWRIEHDFKDQG GXQHHURVLRQDQGDFFUHWLRQXVLQJ/L'$5ϴϯϲ







 0RGHOOLQJ VWRUP LPSDFWV RQ EHDFKHV GXQHV DQG EDUULHU LVODQGV &RDVWDOϴϰϰ
(QJLQHHULQJ±ϴϰϱ
6D\H 6( YDQ GHU :DO ' 3\H . %ORWW 6-  %HDFK±GXQH PRUSKRORJLFDOϴϰϲ
UHODWLRQVKLSVDQGHURVLRQDFFUHWLRQ DQ LQYHVWLJDWLRQDW ILYH VLWHV LQ(QJODQGDQG:DOHVϴϰϳ
XVLQJ/,'$5GDWD*HRPRUSKRORJ\±ϴϰϴ








YDQ GHU:DO ' 3\H . 1HDO $  /RQJWHUPPRUSKRORJLFDO FKDQJH LQ WKH 5LEEOHϴϱϳ
(VWXDU\QRUWKZHVW(QJODQG0DULQH*HRORJ\±ϴϱϴ
YDQ5LMQ/&:DOVWUD'-5 7KHSUHGLFWDELOLW\RIFURVVVKRUHEHGHYROXWLRQRIVDQG\ϴϱϵ
EHDFKHV DW WKH WLPH VFDOH RI VWRUPV DQG VHDVRQV XVLQJ SURFHVVEDVHG SURILOHPRGHOVϴϲϬ
&RDVWDO(QJLQHHULQJ±ϴϲϭ
ϯϱ




(URVLRQ DQG )ORRGLQJ $ORQJ WKH 6HIWRQ &RDVW 1:8. )LQDO 5HSRUW 7HFKQLFDO UHSRUWϴϲϲ
0RUSKRORJLFDO,PSDFWVDQG&RDVWDO5LVNV,QGXFHGE\([WUHPH6WRUP(YHQWVϴϲϳ
<DVXGD71DNDMR6.LP60DVH+0RUL1+RUVEXUJK. (YDOXDWLRQRIIXWXUHϴϲϴ
VWRUPVXUJHULVNLQ(DVW$VLDEDVHGRQVWDWHRIWKHDUWFOLPDWHFKDQJHSURMHFWLRQ&RDVWDOϴϲϵ
(QJLQHHULQJ±ϴϳϬ
ϴϳϭ
ϴϳϮ
ϴϳϯ
ϴϳϰ
ϴϳϱ
ϴϳϲ
ϴϳϳ
ϴϳϴ
ϴϳϵ
ϴϴϬ
ϴϴϭ
ϴϴϮ
ϴϴϯ
ϴϴϰ
ϴϴϱ
ϴϴϲ
ϴϴϳ
ϴϴϴ
ϴϴϵ
ϯϲ
ϴϵϬ
)LJXUH ϴϵϭ
ϴϵϮ
)LJXUH ϴϵϯ
ϯϳ
ϴϵϰ
)LJXUH ϴϵϱ
ϴϵϲ
ϴϵϳ
)LJXUH ϴϵϴ
ϴϵϵ
ϯϴ
ϵϬϬ
)LJXUH ϵϬϭ
ϵϬϮ
ϵϬϯ
)LJXUH ϵϬϰ
ϵϬϱ
ϯϵ
ϵϬϲ
)LJXUH ϵϬϳ
ϵϬϴ
ϵϬϵ
)LJXUH ϵϭϬ
ϵϭϭ
ϰϬ
ϵϭϮ
)LJXUH ϵϭϯ
ϵϭϰ
ϵϭϱ
&ŝŐƵƌĞ ϭϬϵϭϲ
ϵϭϳ
ϵϭϴ
ϰϭ
ϵϭϵ
&ŝŐƵƌĞ ϭϭϵϮϬ
ϵϮϭ
ϵϮϮ
ϵϮϯ
&ŝŐƵƌĞ ϭϮϵϮϰ
ϰϮ
ϵϮϱ
&ŝŐƵƌĞ ϭϯϵϮϲ
ϵϮϳ
ϵϮϴ
&ŝŐƵƌĞ ϭϰϵϮϵ
ϵϯϬ
ϰϯ
ϵϯϭ
)LJXUH ϵϯϮ
ϵϯϯ
ϵϯϰ
)LJXUH ϵϯϱ
ϵϯϲ
ϰϰ
ϵϯϳ
)LJXUH ϵϯϴ
ϵϯϵ
ϰϱ
ϵϰϬ
)LJXUH ϵϰϭ
ϰϲ
ϵϰϮ
)LJXUH ϵϰϯ
ϵϰϰ
ϵϰϱ
ϰϳ
ϵϰϲ
)LJXUH ϵϰϳ
ϵϰϴ
ϵϰϵ
ϰϴ
ϵϱϬ
)LJXUH ϵϱϭ
ϵϱϮ
ϵϱϯ
ϰϵ
ϵϱϰ
)LJXUH ϵϱϱ
